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PREFACE

This report identifies a number of environmental problem areas of
present and possible future concern to the Department of Defense, and
notes that in spite of recent progress, much remains to be done in deal-
ing with environmental quality problems. The design of research programs
to attack these problems will demand great care, as will the management
of resulting data so as to realize their full potential. To this end,
possible approaches to advanced research projects are suggested to pro-
vide partial source material in support of ARPA’s research program plan-
ning. Topics regarding environmental impact analysis, resources manage-
..ent, air quality, water quality, materials handling and disposal, data
management, and special problems are included. For each topic, informa-
tion is organized according to statement of the problem, state of the
art, present activities and organization, implications for the DoD, and

recommendations for further studies.

A partial listing of recommended research problem areas, and a gross

ordering of priorities for candidate projects, include the following:

(1) Determination of unit environmental impact data by class
of activity and media to permit assessment of impacts and
evaluation of standards, criteria, and programs intended
to achieve environmental quality.

o Examples: environmental impact analysis, environmental
aspects of resource development, development of environ-
mental indices, and air pollution studies on an extended
scale.

(2) Compilation and evaluation of environmental data to deter-
mine environmental effects and analyze intermedia inter-
actions.

Examples: environmental effects framework and environ-
mental monitoring, and total environmental interaction
assessment.

iid



(3)

(4)

Alternative technology to control pollution at its source
and conserve resources.

¢ Examples: atmospheric contamination, aerial surveil-
lance spill prevention system, combat training elec-
tronic simulation, and hazardous waste disposal.

Remedial technclogy to alleviate problems stemming from
previous practices.

o Examples: o0il spill cleanup techniques, noise, and
pesticides,

iv
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I INTRODUCTION

In responte to Executive Order 11507, which established the President's
policy with respect to the protection and enhancement of the quality of the
environment, the Department of Defense (DoD) is increasingly directing ac-
tivity and resources to environmental quality management. These actions
range from reorganizations and reassignments at higher echelons within DoD
and the services to cleanup activities at individual bases and units
throughout the country and overseas. To ensure coordination of the ser-
vices in executing environmental quality policy, the Secretary of Defense
has assigned broad responsibilities to the Assistant Secretary of Defense
for Health and Environment* and in turn to the Deputy Assistant Secretary
for Environmental Quality. The Office of the Deputy Assistant Secretary
promotes coordination among the services concerning environmental actions
and then coordinates with the Council on Environmental Quality, the Envi-

ronmental Protection Agency, and other governmental ag:ncies,

At the present time, attention is directed to pressing needs concerned
with organizational problems; the development and implementation of envi-
ronmental quality policy; environmental protection and enhancemen. programs,
including international programs; evaluation of the environiental impact of
DoD actions; and selected major problems related to oil and hazardous mate-
rials, noise pollution, deep water dumping, and disposition of herbicides
and pesticides.t Although the majority of these activities are currently

carried out in response to immediate needs, it is recognized that a

*
_ See Appendix B-AR-2.
See Appendix B-AR-28.
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comprehensive long view is needed tc avoid a continuing reaction to crisis
Situations that detract from the basic national Security mission of the

Department of Defense.

To promote the development of a long range environmental quality re-
search program, the DoD, acting through the Defense Director of Research
and Engineering, the Defense Advanced Research Projects Agency (ARPA),
and the several services, has been reviewing ongoing DoD environmental
activity,* including a number of armed services environmental impact
statements, with a view to identifying areas that may be characterized

by weaknesses in current theory and technology.

To assist in this work, Stanford Research Institute in April 1972
began a series of discussions with representatives of the Defense Advanced
Research Projects Agency that resulted in this effort to provide technical
Support to ARPA's environmental program planning activities. The objec-
tives of the effort were to identify principal environmental considera-
tions of importance to the DoD and to develop a recommended research plan
to be conducted by ARPA. In the time available for the study, the Insti-
tute could not, and did not, attempt to perform a comprehensive review of
the entire environmental field of interest *o ARPA and the DoD. Rather,
within the general framework discussed below, the staff, in cooperation
with the sponsor, selected areas of interest that emanated from reviews
of existing DoD environmental impact statements and broader consideration
of environmental quality problems that might result from Dol activities,

The result of the effort is to provide partial source material to assist

*
An important, current activity related to ongoing and planned environ-

mental research is being conducted by the Office of the Director of
Defense Research and Engineering, Environmental and Life Sciences.
Selected representatives from each of the services and other DoD com-
ponents are preparing an area coordinating paper that, among other
goals, will develop necessary R&D programs to meet needs and estab-
lish DoD resource requirements and priorities.
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ARPA in developing its research program plans, together with recommenda-

tions for prospective research projects addressed to present or potential

environmental gquality problems.

In accomplishing this assigr-unt, SRI assembled an interdisciplinary
team of professional staff members krowledgeable in resources management ;
air quality; water quality; materials handling and disposal; data manage-
ment systems; and specialized topics including noise problems, environ-
mental impact assessment, and radiation. Working :7om selected problems
of interest that were developed insofar as possible from an analysis of
DoD activities, each member prepared a paper from the standpoint of iis
own experience and expertise, For each topic considered, information
was organized as follows: statement of the problem, state of the art,
present. activities and organizations, implications for DoD, and recom-
mendations for further studies. Cited references are listed either as

footnotes or at the end of the specific section,

The time available for the study did not permit analysis of each
topic in equal manner, and as a result, the depth and breadth of cover-
age varies among the several study arvas that follow. In some cases, it
was possible only to indicate the outline of problems and to sketch pro-
spective approaches, while inother cases more complete and detailed treat-
ment of problems were considered and more definite approaches to their
solution were prepared. It is clear that far greater time than was avail-
able for this study is required to develop logical research programs to
deal with several of the complex problems identified. Nevertheless, in-
clusion of even brief, outline descriptions of such problem areas in this
report is believed justifiable in that it serves to piace such matters
on the agenda for future attention. 1In short, the fact that some topics
are discussed at length and others only briefly does not necessarily in-
dicate their relative importance or the amount of effort expended in their

preparation.
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The study team has endeavored to identify, in gross terms, recommenda-

tions for research priorities consistent with the tentative structures.

In presenting these recommendations, the team makes no determination as

to
we
an

of

the data.

which organizations (public or private) should perform work. Instead,

have attempted to recogrize research areas of importance to the DoD as

aid in its ongoing planning process, regardless of the ultimate sources

Stanford Research Institute welcomed the opportunity to undertake a

task of such importance for the Defense Advanced Research Projects Agency.

It 48 hoped that the information included in this report will facilitate

ARPA's planning task and lead the way to progress in addressing environ-

mental quality considerations of importance to the DoD.

SRI staff members who contributed directly to this report include:

George G. Barnes
David N. Berg
Thomas A. Blue
Arlie G. Capps

C. Bruce Clark
Lawrence L. Cobb
Ronald T. H. Collis
Edward Dickson

Fred E. Littman
Thomas Logothetti
Francis L. Ludwig
James L. Mackin
Crester W. Marynowski
Edward K. Proctor
Robert M. Rodden
Richard A. Schmidt
Lynn D. Spraggs
Thomas Wagner
Frank E. Walker
Leo W, Weisbecker
Ronald K. White

Environmental Impact Assessment

Environmencal Data Management
Pesticide Problems

Regional Air Pollution
Electromagnetic Radiation

Weapon Testing Impacts

Regional Air Pollution
Electronic Simulation, Video Communi-
cation, and Noise

Air and Water Quality

Noise Pollution

Meteorology and Air Quality
Environmental Impact Analysis

Materials Handling and Disposal

Air Quality

Program Management

Resources Management
Environmental Data Bases

Water Quality

Resources Economics
Environmental Effects Framework

Atmospheric Physics
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I SUMMARY AND RECOMMENDAT IONS

A, Overview

One of the most important societal problems requiring increasing
attention in coming years is the relationship of man to his environment,
Environmental degradation is a natural nrocess on earth. However, man's
actions can alter the rates of natural pProcesses, impose incompatible
conditions on local areas, and undertake activities that may result in
long-standing impact on environmental quality leading to impairment of

amenities or permanent loss of needed future resources.

There is a rapidly growing concern about the condition of the physi-
cal environment, about pollution from many sources, and about the appro-
priate management and conservation of natural resources. This concern
was highlighted by bassage of significant new legislation at all levels
of government in recent years, However, public concern and resolve to
do something regarding the problem is only part of the ultimate solution,
A great deal of technical work is required to define the scope and inten-
sity of environmenzal impacts to arrive at realistic assessments of their
effects and determine relative costs and benefits related to their treat-
ment. These details are crucial to the success of any program to promote
environmental quality and achieve effective resource management; yet each
must be viewed in perspective so as to avoid dealing in symptoms that

result in short term "solutions" to long term problems,

If the nation is to maintain its status of economic activity, the
environmental crisis must be dealt with, and the means of carrying out
public and private activities in manners compatible with environmental

considerations must be established., A key problem is that the views of
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diverse groups toward environmental matters will differ, Each will have
its own opinion on what constitutes a quality environment., These opin-
ions typically include value judgments that reflect the interests of

the groups, and this tends to frustrate attempts to achieve objectivity.
To arrive at any analytical assessment of environmental influences,
unbiased and objective data are required in sufficient depth and breadth
to permit decision-makers to select practical, environmentally sound

courses of action from an array of potential choices,

The present environmental situation is well illustrated by the di-
verse and widespread activities of the Department of Defense. These
activities are such that great care in analysis of environmental impacts
is required to avoid couvenient and attractively simple approaches that
may fail to achieve their intended purposes and may even lead to worse
conditions. To guide such analyses, it might be useful to use a working
definition of a quality environment as one in which the adverse effects
of any given DoD activity on other essential or desirable activities are

minimized to the point of nonsignificance.

The contribution of advanced research in addressing environmental
problems positively can be of great importance to the DoD and the nation.
Such work can clarify the present scale and intensity of environmental
effects and lead to recognition of prospective approaches to ameliorate
adverse effects, 1In this regard, it will be important to address the
sources of pollutants and their causes so that research can be directed
toward improved processes or procedures that yield fewer unwanted by~
products or pollutants. A number of environmental problem areas are
discussed in this report, and recommendations for further work are
presented in support of the environmental program planning activity of
the Defense Advanced Research Projects Agency (ARPA). Although the

short time available for this Study did not permit treatment of each
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problem area in comparable depth, tentative conclusions regarding pos-
sible further work were reached, Finally, research priorities are sug-
gested in gros: terms to aid in ARPA's preparation of a comprehensive

environmental and resource management program plan,

B. Environmental Impact Analysis

Although a principal aim of scientific research is to solve problems,
the choice and statement of a research problem is often more difficult
than finding an appropriate solution and in many cases can even indicate
the solution itself, In the area of environmental quality research, a
very significant portion of the problems arises in response to conflicts
and controversy, In response, many government agencies have attempted
to focus on actual or pctential conflict situations to structure their
programs. However, this approach usually deals in short term situations,
and the underlying causes of long term problems remain untrcated. To
correct this condition, a procedure to facilitate the perception and
prediction of potential problems is needed, particularly for activities
that are not governed by a set of specified regulations or standards.

To address this basic problem, this study has initiated a systematic
attempt to develop a logical framework for isolating problems that can
be identified as a consequence of DoD activities and from them derive
appropriate responses in the form of needed actions, including recom-

mendations for required research,

The methodology is described by a series of sequential steps com-
prising the following key elements:
®* Acquisition, synthesis, and analysis of collected
information

¢ Breakdown of information into categories and subcategories
of DoD activity =



* Environmental impact analysis based on activities and
associated impacts

¢ Examination of effects of impacts in terms of environ-
mental cause-effect relationships

¢ Identification of problem areas associated with the
state of current knowledge concerning environmental
effects

¢ Identification of recommended research directed to
problems of interest to ARPA,

The first steps consisted primarily of data gathering activities,
and during the present study included the collection and review of 42
selected DoD Environmental Impact Statements, Although these statements
constitute a potentially useful source of information for structuring
DoD activities, they were found to be too restricted at the present time
in number, scope, and conten! to ke used in preparing a comprechensive
activity analysis, Nevertheless, their future application to this pur-
pose could be useful. Moreover, the environmental impact assessment
process necessarily must reflect planned activities, and as a consequence
a continuing and systematic review of the statements on a DoD-wide basis
could provide improved environmental feedback information to the plan-
ning process, as required by the National Environmental Policy Act

(P.L. 91-190).

The next steps in the analysis required evaluation of the assembled
information in terms of types of actions or activities, At this point,
which is critical for the logical development of outputs that recognize
appfopriate targets for research, cause and effect relationships need

to be derived to translate activities into environmental impacts.

At the present time, no rigorous methods exist for quantitative
evaluation of environmental effects from impacts, nor is it likely that
quantitative methods can be developed to describe all the complicated

phenomena that are entailed. What can be and is being done, however,
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is to establish orderly and systematic methods that can provide a high
degree of assurance that the majority of impacts can be recognized,
even if each environmental effect cannot be predicted with certainty.
Although it was not possible to examine in detail all the various tech-
niques that are currently available for translating activities into
environmental impacts and effects, a moderate effort was expended to
development of methods to illustrate how identification of atmospheric
impacts might be done, The method uses a cause-effect matrix to reveal
whether a methodology exists for quantitatively relating the cause to
the effect. The method focuses on cause-effect relationships that theory
or observation suggest are important, but whose exact relationships are
poorly defined. The main goal is to identify needs for additional re-
search, but a subsidiary output is the recognition of potential impacts
that then may be subject to critical review, Using this approach, a
number of research areas were identified that relate to DoD activities
and whose impacts at present are not well understood. They include:

¢ Releases of pollutants to the middle or upper troposphere

and to the stratosphere or above--concentrations and
composition

* Releases of pollutants to the middle or upper troposphere--
effects relating to cloud formation and precipitation

- Nature of emissions, primarily jet engines

- Relationships between freezing nuclei or cloud
condensation nuclei and emissions

* High altitude releases of heat and water vapor (middle
and upper troposphere, stratosphere)--relationship to
cloudiness

®* Alteration of surface radiative and thermal properties--
relationship to precipitation and fog formation

* Worldwide climatic changes (global circulation, percipita-
tion patterns, temperature distribution, cloudiness)--
relationship to releases of pollutants and heat or water
vapor associated with particular DoD operations,
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The above approach has common elements with others that were briefly
reviewed or cited during the study. The methodology suggests that a
combination of elements most appropriate to DoD activities may prove
useful if developed further, Viewed during the present study as a means
of identifying research requirements, it was evident that the techniques
would also have ready applications by the DoD to environmental impact
assessment work concerning activities and operations relative to environ-

mental quality and resource counservation.

C. Resources Management

Resources were defined as energy and mineral raw materials that
occur in the ~arth., These resources are commonly described as nonrenew-
able, indicating that nature does not replenish them within either the
lifetime of man or the span of iwuuman experience. The fact that such
resources are finite means that development can lead, ultimately, to
eXhaustion, Inefficiencies in resource development and use to achieve
relatively short term benefits are of particular concern in this regard,
since they contribute to potential long term economic probklems and re-
sult in environmental impacts whose significance is only partially under-
stood. The problem facing the nation is that the use of resources needs
to be reassessed in terms of a new set of economic and environmental

values that depart from traditional institutional and economic patterns,

Practices related to nearly every commodity or material produced
and used in modern commerce influence the quality of the environment
in some way. Accordingly, all facets of major industries should be
examined to determine the nature and extent of these influences at each
industrial stage; studies should include current and future quantities,
production and manufacturing methods and alternatives, uses, and dis-
posal methods, To illustrate the type of analysis rcquired, this study

summarized the historical and projected supply-demand characteristics
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of a few nonfuel resource-based industries, Factors of production,
import, export, Supply, consumption, Price, reserves, and reserve lire
index were detailed where the data could bhe applicable to assessment

of environmental influences. In each case, key factors representing
problems in environmental control were briefly described, Although the
data presented for the industries Studied are not necessarily rigorous

or complete, they illustrate the type of industry information that should
be analyzed in detail and indicate the magnitude of effort required to
determine the major portion of Possible future environmental effects

for materials important to the DoD,

unfortunately, is quite difficult, past developments were frequently
implemented to emphasize efficient and eTonomic resource recovery, with
little consideration being given to attendant environmental effects
associated with disposal of resulting wastes, The Previous practices
for waste disposal by essentially uncontrolled release into the environ-
ment did not require data on their magnitude or character, and precise
information on wastes from production of common materials is often lack-
ing or at best incomplete. This information is essential if resource
development practices are to bhe systematically evaluated to achieve les-
seéned environmental impact, However, many of the data relating units

of waste to units of production remain to be compiled and applied to
place in perspective in terms of environmental impacts the balances

of materials used in the several processes by which resources are

developed,

resource development was described according to (1) materials handled
(an indicator of solid wastes), (2) emissions (an indicator of air

quality), and (3) discharges (an indicator of water quality), These
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data were used, tc the extent possible in this initial study, in con-
siderations of the environmental aspects of materials important to the
DoD. Data in euach category were compiled and discussed, Two examples

of the application of these data in an overall environmental assessment
of materials were described, one in which the apparent impact of two
materials (ccpper versus aluminum) is compared and the other in which

the impact of a material used in a common application (steel in a typical
car} is analyzed. In each case, the analysis is preliminary and intended
only to demonstrate the concept that quantitative analysis of environ-
mental aspects of resource development is feasitle, In the future, this
approach should be applied to the several materials vhose supply-demand

relationships were discussed in another section o. the report.

As a final coasideration, the environmental aspects of energy devel-

opment and use by the DoD were discussed.

D. Air Quality

Air pollution probleus cut across the whole range of DoD operations,
from housing installations to manufacturing, transportation, and weaponr:z
systems. Increasingly stringent emission controls will have an effect
on virtually all operations. The pollutants produced by a community--

a city or an army installation--are primarily the result of energy genera-
tion for heat and power. The pollutants from these operations are re-
lated to the characteristics of fuels used at these facilities, Alter-
native methods of space heating using central power plants need to be
reevaluated in the light of the better controls applicable to power
plants, as well as of the need to conserve fuels in short supply. Dis-
tribution of energy in the form of hot air, steam, hot water, or elec-

tricity should also be considered.
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several important pollutants, such as carbon monoxide, hydrocarbons,
oxides of nitrogen, and lead, Here again the DoD shares in the Produc-

tion of these poliutants in proportion to their use. Since first genera-

methods under controlled conditions, such asg the effect of low lead and
lead free gasoline and the importance of tune-ups and relatively minor
engine modifications, An alternative approach is the development of

different engines, Here a wide range of possibilities exists, from

quality degradation, These include obtaining data on;

¢* Each process emitting Pollutants
¢* Pollutants emitted from each Process
* Existing air pollution control €quipment and systems

* Proposed control systems,

Much of the above information, and potentially considerably more,

could be acquired by coordination and cooperation, if not by active

studies in the civilian sector. In barticular, attention is focused

on the St. Louis region where the EpPA and other agencies are Planning

an extensive Regional Air Pollution Study (RAPS) that will include g
detailed analysis of the sources of pollution, meteorological and chemi-

cal processes, and air quality, The study is €xpected to take four to
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five years for completion of the data acquisition phase, consisting of
special field studies using atmospheric tracers, aircraft, mobile labora-
tories, and remote sensing instrumentation, as well as appropriate
continuous/conventional measurement programs. These studies will afford
opportunities for local DoD activities within the region to contribute
and participate and could result in direct and indirect gains if the
mechanisms were established at the regional énd national levels., DoD
could thus contribute actively to solutions of a community problem of
which its local operations are an integral part--establishment of viable

air quality standards and complicance with those standards.

The contribution of airplanes to air pollution is not well known,
and studies are now going on to determine the emissions for jet engines
under a variety of conditions, including ground level operations, where
idling, taxiing, and testing are conducive to high local emissions.
Combustion products within the troposphere appear to be well~dispersed
and are usually rapidly removed through meteorological interactions.
Stratospheric flights present a new dimension of air pollution because
of the absence of mixing effects, resulting in long residence times,
The emission of oxides of nitrogen at high altitudes is of particular
concern because of its possible effect on the ozone layer. Studies of
possible effects of flights at these altitudes are of considerable im-

portance to prospective new aircraft configuration,

There appears to be a somewhat more localized, but nevertheless
real, impact on the environment from the testing and firing of large
rockets, There are about 35 U.S. space launchings per year and many
more test firings of ICBMs, ground-to-ground missiles, and small satel-
lites, A good many of these use solid propellant motors, which can

produce high local concentrations of hydrochloric acid near ground level,
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Similarly, the effects of the many species generated in rocket exhaust
on the upper atmosphere are insufficiently known and need to be delin-

eated more clearly,

Until recently all knowledge of the upper atmosphere (about 100 km)
has been obtained by ground-based indirect methods. For example, the
ionized layers of the upper atmosphere have been probed by sending radio
signals skyward and examining the reflections. Only since 1945 has the
exploration of the upper atmosphere been possible. Sounding rockets
enabled direct measurements of atmospheric conditions, which led to the
detection of X-rays and auroral particles, the first photographs of the
solar ultraviolet spectrum, and the gathering of data on pressure, tem-
perature, density, and composition of the atmospheie, Since these alti-
tudes are too low for stable satellite orbits, the sounding rockets

have remained the most important research tool.

There is a need to discover the origin of the unexpected chemical
species in the upper atmosphere and to analyze the possible consequences
of their presence if not occurring naturally, More broadly, an inventory
of the species or other changes that have been or are bcing introduced
needs to be made, and a model should be contrived to describe the reac-
tions induced. Then the final disposition of the reaction products and
resulting effects on the population, climate, and social, economic,

and military systems could be assessed.

The possible adverse effects of extensive aircraft traffic in the
stratosphere has recently become the subject of much concern and con-
siderable study., Nitric oxide (NO) emissions may be by far the most
serious jet engune emission into the stratosphere, with some calculations
indicating that an increase of NO concentration of 30 ppb would reduce
the stratospheric ozone concentration by a factor of 2, with consequent

profound physiological effects on man and other life forms on earth.
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It appears that existing instruments are inadequate to fulfill the
needs for determining stratospheric ambient conditions and the effects
of jet engine emissions. Sensitivity, accuracy, data rate, and coverage
volume should all be improved, A measurement program is needed to pro-
vide accurate data on the normal distribution and natural variability
of the stratospheric constituents of interest and on the effects of in-
jecting known quantities of jet engine exhaust products into strato-
spheric regions. This cannot be accomplished without developing improved

instrumentation,

Although some improvements in the existing types of instruments
can probably be obtained, a technical breakthrough capable of providing
really significant improvements is desirsble, Recent developments in
tunable dye lasers and optical parametric oscillators (OPOs) appear
likely to provide the foundation for such a breakthrough. The tunable
dye lasers provide signal sources for remote measurements at visible
and near-ultraviolet wavelengths, and OPOs provide a similar capability
in the infrared, 1In combination with state-of-the-art optical receivers
and data-collection systems, these signal sources offer an optical radar,
or lidar, capability for remote, range-resolved measurements of all the

stratospheric species of interest,

E, Water Quality

Vater use and water pollution considerations are pervasive and
apply to almost every aspect of DoD activity, These activities can be

categorized for surface waters generally as related to

e Construction, land use, and related fixed facilities
¢ Hazardous or potentially hazardous military operations
e Weapons and equipment use

¢ Research ana development programs.
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These areas were discussed, and several topics for potential advanced

rescarch were suggested for each category.

It was pointed out that, in addition to topics requiring advanced
research and new technology, attention is required to the nontechnical
aspects of water use by the DoD so as to achieve resource conservation
as well as to safeguard environmental quality. The potential for DoD
leadership in accomplishing more efficient use of water was discussed,

and suggestions for further work were offered.

In recognizing the effects of DoD activities on surface waters, it
is also important to consider the potential effect of additional activi-
ties on ground water guality, from which source most of our water sup-
plics are derived. Many water pollution problems of the DoD are not
amenable to conventional treatment because of operational, geographical,
or physical constraints, Further, the disposal of especi&lly hazardous
liquid or gaseov- materials require special attention to guard against
adverse environmental effects. Tle need for advanced research in dis-
posal of liquid wastes by deep well injection and the application of
reverse osmosis to waste disposal problems were described to illustrate

the future needs in this area,

Another illustration of an important problem area for the DoD is
in prevention, recognition, and treatment of oil spills, Past spills
from onshore facilities and vessel operations have affected significant
areas of the nation's waterways and result in waste of fuels that are
in short supply. An important research opportunity would appear to
exist in development of rapid means to recognize conditions associated
with the imminent release of o0il so as to enable the spill to be pre-
vented by positive action, An approach to aerial surveillance is de-
scribed toward this end. 1In the event that the spills cannot be pre-

vented, then it is apparent that the spills must be cleaned up. Cleanup
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of spills from coastal and inland waters entails (1) curtailment of the
spilled oil, (2) collection and/or treatment of the oil leading to re-
covery or dispersal, and (3) restoration of beaches and coastal areas
affected by spilled oil washed onshore. The research problem is to
provide optimum and efficient means to remove and recover spilled oii
witix minimum additional disruption to the natural environment so as to

facilitate rehabilitation and restoration of affected areas.

F. Materials Handling and Disposal

Significant strides have been made recently in achieving general
awareness of the need for rational management of wastes from all sources.
Every waste management situation calls for the integrated application
of several tactical steps within a unifying strategic concept, It is
preferable to avoid waste production whenever practicable; however, it

is often neither technically possible nor economically feasible to do so.

Addressing the problem of solid waste management in a positive
manner requires identification of elements that result in wastes and
assessment of the impacts such wastes represent to man and his environ-
ment. Knowledge of waste producing processes is required in sufficient
detail so as to concentrate attention on those of exceptional volume,

deleterious effect, or geographical extent,

It is no longer possible to make waste management decision solely
on the basis of apparent cost, Instead, it is necessary to take into
account factors related to natural resources recovery and conservation,
as well as considerations of intermedia environmental effects., The
steps of waste pretreatment, recycling and reuse, treatment, and ulti-
mate disposal require examination and analysis so as to tailor the tech-
niques to the wastes involved and realize their optimum dispostion. An

adequate waste classification and information methodology is needed to

2-I-16



identify high priority items for research. Disposal of wastes associated
with metal surface treatm.nt operations, lubricants, and explosive manu-

facture are especially important from the standpoint of the DoD.

Certain wastes are hazardous to the public health because of their
chemical, physical, or biological nature, and these require special
attention in handling and disposal. Hazardous wastes comprise mainly
toxic, flammable, explosive, pathogenic, and radioactive materials, The
techniques that may be applied to their management are controlled by
the types of waste and the hazard they represent. 1In addition to proper
treatment, principal research needs are in the manner and location of

disposal for hazardous materials.

The problems associated with pesticides handling and disposal were
separately discussed, Pesticides are important because of their poten-
tially adverse effects on flora and fauna that, if carried to excess,
could disturb the ecological balance in sizable areas, The toxicity of

pesticides is such that great care is also required in their disposal,

G. Data Management

The success to be achieved in coordination of DoD activities re-
garding environmental quality is vitally dependent on ready access to
environment-related data in keeping abreast of the state of the art and .
to ensure that DoD components are meeting their requirements with neither
excessive overlap nor insufficient cooperation. However, at the present
time, there are no coordinated DoD efforts for collection of environ-
mental data or organization of a data base. The most promising solution

to this problem appears to be through the use of a data management system

that provides for ready access to well-organized environmental information,

Data defining the environmental impact of DoD activities must be

identified and assessed in determining if data collection operations
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will contribute effectively toward meeting DoD directives and regulations,
This in itself is no simple matter, One approach for data identification
is to structure an Environmental Effects Framework that can be used to
link DoD actions with their environmental effects. The framework is
developed by tracing the paths of materials through the processes by
which they interact with the environment and are ultimately disposed,

The main segments of the framework include (1) production-consumption,
(2) waste discharge, (3) environmental quality, (4) biological effects,
and (5) socioeconomic effects, The framework can serve as the means to
formulate approaches to control of environmental effects to achieve
desired quality levels, Ideally, the framework can help to achieve a
preventive approach to solution of individual problems through avail-
ability of sufficient knowledge of cause and effect relationships to
perrit selection of appropriate control techniques so that unwanted re-

sults cannot occur.

In many cases, the basic data to complete the framework will be
lacking or incomplete, and environmental moni toring programs will be
required. Information regarding (1) measurable parameters of activities,
(2) environmental aspects of activities, (3) characteristics of the
environment, and (4) standards of environmental quality. Also, demo-
graphic and economic information need to be included in the moni toring
program so as to complete the description of the environmental effects

on adjacent activities,

Finally, the monitoring program, organized to complete the frame-
work and be compatible with it, needs to be tied to a well-designed
data management system to accept, store, edit, and disseminate the data
collected. The large volume of data anticipated will doubtless require
reliance on computer technology. A preliminary description of the
design considerations for such a data management system is given, and

the possibility of using the existing ARPA network for interchange of
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environmental data between several data Processing centers is discussed

as one approach to the problem,

H. Special Problems

Influenced to a great degree by tradition and Customs, environmental
brograms continue to be structured around familiar and important media,
particularly air, water, and solid wastes, To these the Environmental
Protection Agency, for example, adds noise, pesticides, and radiation,
While convenient for Mmany reasons, particularly one of communication,
the media approach is not well suited to categorizing a wide variety of
potentially interesting environmental research problems, This is often
accommodated in many programs by adding a comprehensive category that
is intended to include problems not readily described in terms of the
more widely recognized media, At best a compromise, this procedure
nevertheless is convenient and proved useful during the present study
for discussing a number of research areas concerned with indices of en-
vironmental quality, total environmental interaction assessment, video
communication cystems, electronic simulation, radio frequency radiation,
noise, and information requirements for environmental impact assessment

of weapon development and effects tests,

To comply with existing requirements, it is hecessary for federal
agencies to evaluate and measure total impact on the environment and
to assess progress toward established quality goals., Such information
and requirements are expected to become more important in the future,
To meet these national requirements, DoD will need to initiate develop-
ment of an understanding of appropriate indices and indicators of en-
vironmental quality and the data needed for esteblishment and measurement
of the indices, Therefore, this problem area implies consideration of

not only the standards that must be met and the criteria and objectives
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needed to formulate the Standards but also the monitoring techniques

that will be required to provide the necessary data,

Closely associated with the above is the reccommendations that pod
undertake a Study that utilizes one Or more military base or major ac-
tivity to assess simultaneously all significant résource input flows to
the activity, the useful output products of the activity, and the by~
Product flows and waste effluent from the activity, A total environ-
mental interaction assessment can be made in this manner by the collection
and organization of resource, ac'ivity, and effluent monitoring data,
Using a comprehensive activity-environmental model concept as a guide,
the correlations between user activities and environmental effects can
be examined, In addition to the above data collection and Processing
studies, evaluation of models of the sensitivity of military operations
to changes in logistic supply and environmental control measures would
be useful. The degree to which the models usefully depict observable
pPhenomena and their suitvability for inclusion in a comprehensive, empiri-
cal, activity-environment interaction model should be evaluated, As a
result of the evaluations, Promising models or combinations may be used
to study the interaction with the environment of one or several bases

or activities,

It is interesting to note that certain advanced electronic tech-
niques, which were considered in the past Primarily from the point of
view of operational efficiency, show promise also in terms of resource
conservation and lessened environmental impacts., These include the
development of two-way video communication systems and combat training
electronic simulation., The first of these takes cogni zance of the re-
lationship between video telephone tecnnology (and its complements) and
transportation. For such technology, environmental benefits could accrue

from reduced need to physically travel, as well as offer new opportunities
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for land use planning, Additional, and similar, henefits would be ex-
pected by increasing substitution of sophisticated electronic simulation
techniques for training exercises in the field, Building on simulation
techniques currently used for the training of pilots, astronauts, and
air traffic controllers, it should be possible to develop an electronic
simulat}on of a training exercise that is no less realistic than present
exercisés that are also simulations of actual combat, Increased use

of electronic simulation techniques might result in significant initial
capital costs; but in environmental, material and fuel consumption terms,
the cost would appear to be less over the long term. The impacts on air
and water quality and noise levels would also be lessened. Ancilla-y
benefits would include the decreased dependence on favorable meteorologi-
cal conditions and less constraint on geographical location, and the
ability to couple the simulation with distant computers would enable
refresher training without Journey to a special training center, The
attendant increase in overall efficiency of DoD in its training activi-

ties would surely have favorable implications for resource conservation,

Finally, although the DoD has devoted a considerable effort to the
reduction and alleviation of problems associated with radio frequency
radiation and noise, additional effort is needed, particularly to more
subtle and imperfectly known environmental cause and ‘¢ffect relationships,
In the case of radio frequency radiation, it is recommended that present
information be expanded to include all existing and planned future trans-
mitters of energy with a view to isolating for further study the trans-
mitter/receiver pairs in which adverse coupling is suspected, In the
isolated cases, the susceptibility of the receivers to interference or
damage would be further analyzed. Research opportunities concerned with
noise reduction are noted with respect to development of fundamental
equipment design parameters related to noise, determination of trade-

offs necessary to meet noise abatement requirements, reassignment or
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retirement of obsolescent aircraft with high noise levels, and evaluation
of health related noise €xposure standards of the three services to deter-
mine if existing interservice and civilian differences are warranted or

reflect uncertainty in the current state of knowledge of noise effects.

Weapons testing has never been popular. In earlier days, opposition
was based on danger to lives and property, Today, the potential environ-
mental impact of weapons tests is an issue of public conern, 1In the case
of nuclear weapons testing, it is clear that continued underground testing
(as in the recent Cannikin event) or a resumption of atmospheric testing
will increasingly be Circumscribed by environmental factors., As a re-
sult, it is necessury to assess the potential environmental impacts of
testing programs in advance so that positive programs can be undertaken

to minimize adverse effects as an integral part of the “ecting program,

I. Conclusions and Recommendations

The information summarized above leads to the general conclusion
that, in spite of recent progress, much remains to be done in dealing
with environmental problems. While further efforts will be needed to
address aspects of pollution abatement, control, and treatment, they
will be largely remedial; real progress in maintenance and improvement
of environmental quality will be achieved only when it becomes possible

to eliminate the sources of pollution,

It is apparent that research into a number of environmental problems
is required in pursuit of the goal of pollution prevention, This work
will need to include both basic and applied research addressed to the
several operations and activities that contribute by-product wastes
and thereby result in adverse environmental effects, Design of research
programs to attack these problems will demand great care, as will the

management of resulting data so as to realize their full potential.
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Also, it will be important to bear in mind the interrelations of environ-
mental media to guard against "solving" one environmental quality problem
by transferring it to a different component of the same environment where
resulting effects could be equally serious and undesirable, Conclusions
regarding recommended research Problem areas are summarized in Table

Two-1 according to major headings of the report,

The conclusions expressed in this table indicate the complexity of
attempting to identify research targets in regard to environmental topics.,
Establishing relative priority rankings of the targets is even more dif-
ficult, because DoD activities may result in impacts or influences on
several environmental media, and existing information is frequently in-
sufficient to determine these effects with precision, JHard choices need
to be made: should certain activities that are known or thought to
produce pollution be continued while data are sought to define the en-
vironmental impact of this pollution, or should action be taken to elim-
inate apparent pollution even if its actual environmental impact remains
to be established? At present, approaches to selecting environmental
quality studies for any given topic are often intricate combinations
of each extreme in which technical and institutional matters can become
confused, with the result that research projects (even if successful)

may fail to achieve their intended purpose,

It is clear, however, that advanced research is needed to deal with
pressing environmental problems throughout the natior and that a portion
of the research budget must be allocated to such projects. To this end,
as conditions permit and for the longer term, it may be worthwhile to
use a gross ordering of priorities for candidate projects as follows:

(1) Detcrmination of unit environmental impact data by

class of activity and media to permit assessment of

impacts and evaluation of standards, criteria, and
Programs intended to acihicve environmental quality.
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(2)

(3

(4)

e Examples: environmental impact analysis (Chapter
Three, Sections I and II), environmental aspects
of resource development (Chapter Four, Section II),
development of cnvironmental indices (Chapter Nine,
Section I), and air pollution studies on an extended
scale (Chapter Five, Section III).

Compilation and evaluation of environmental data to

determine environmental effects and analyze intermedia
interactions

e Examples: environmental effccts framework and en-
vironmental wonitoring (Chapter Eight, Sections II
and III), and total environmental interaction assess-
ment (Chapter Nine, Section II).

Alternative technology to control pollution at its source
and conserve resources

e Examples: atmospheric contamination (Chapter Five,
Section II), aerial survcillance spill prevention
system (Chapter Six, Section III), combat training
electronic simulation (Chapter Nine, Section 1v),
and hazardous waste disposal (Chapter Seven, Sec-
tion III),

Remedial technology to alleviate problems stemming
from previous practices

e Example: oil spill cleanup techniques (Chapter Six,
Section IV), noise (Chapter Nine, Section VI), and
pesticides (Chapter Seven, Sectici V).
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Table I-1

SUMMARY OF RESEARCH TOPICS RECOMMENDED FOR CONSIDERATION
by ARPA in ENVIRONMENTAL PROGRAM PLANNING

Environmental Impact Analysis

Development of logical methodologies and guidelines for analysis of
environmental impacts resulting from DoD activities,

Establishment of methodologics for quantitative evaluation of environ-
mental effcets,

ldentification of areas for research to mitigate adversc environmental
effeets assoeiated with construetion aetivities, hazardous operations,
and major dcfense systems.

Spccific topics for further air quality research were indicated as an
cxample of an output of the methodology.

Resources Management

Detailed cxamination of the stages of resource development to identify
and specify thc unit environmental influenee of common commodities used
by the DoD according to materials balances for various processes,

Application of unit environmental data for common materials to assess
the impact reprcsented by typical materials, equipment, and facilities
used by thc DoD, »

Utilization of resource/cnvironmental data to facilitate recognition of
mcans to eonserve and reuse critical resources (including technology
assessment of new approaches),

ﬁir Quality

Coordination, cooperation, and participation in current and planned re-
glonal air quality studics underway in the eivilian sector with particular
attcntion to thc EPA Regional Air Pollution Study (RAPS) in the St. Louis
rcgion,

Investigation of potential worldwide climatic changes (global circulation,
precipitation patierns, tcmperature distribution, cloudiness) with respect
to releascs of pollutants and heat or water vapor.

Research on the origin and nature of unexpected chemical speeies in thc
upper atmospherc, and analysis of ithe possiblc consequences of thcir
prescnec if not naturally occurring

- Inventory of spccies or other changes that have been or are being
introduccd

- Dcvelopment of a model to dcscribe atmosphcric rcactions

- Final disposition of the products and resulting cffects on man and
thc biospherc,

Development of an optical rasi., or lidar, for rcmotc measurcment of thc

post-launch distribution of hydr~gcn chloride generated by rocket launches,

Devclopment of tunable dye lasers and optical parametric oscillators for
mcasurement of thc normal distribution and natural variability of strato-
spheric species and the potential cffects of jet engine emissions,
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Table I-1 (coneluded)

Water Quality

* Inventories of DoD's water using aetivities, quantities, and types of
wastes produced; current system charactcristics; and rclationships to
adjaeent civil water treatment and supply systems,

* Assessment of water quality cffects from ongoing operations and equip-
ment usc,

e Btudy of effeets of DoD operations on ground water quality and on means
of applying improvcd methods to waste treatment and disposal protlems,

¢ Rcsearch into tcchniques to achieve an early warning of the potential
for oil spills so as to prevent ihcm; in thc event of spills, improved
methods for cleanup and rehabilitation of affectcd areas,

Materials Handling and Disposal

* Study of waste-producing proeesscs to identify amounts, volumes, effects,
e Waste control at munitions installations,

¢ Dcvclopment of a waste classification and information methodology for
the DoD.

s Asscssment of altcrnatives to thc disposal of hazardous wastes,

¢ Development of improved technology for on site handling, rccycling, or
disposal of potentially hazardous wastc materials,

Data Management

* Assessment of environmcntal data requircments in terms of a framcwork
that relates diverse environmental effects to thecir sources (and permits
cvaluation of thcir interactions),

¢ Establishment of an environmcntal monitoring progran to provide essential
data regarding environmcental factors,

¢ Design of a «data management system to faeilitate use of thc data for opcra-
tional and rescarch purposes.

Special Studics

¢ Development of appropriatc indices of environmental quality including
considcration of not only the standards that must be met and the critcria
and objeetives needed to formulate the standards but also the monitoring
tcchniques required to provide the necessary data.

¢ Development of a total cnvironmental interaction assessment procedure
bascd on data collection and analysis at one or more military bases or
major activitics,

¢ Evaluation of advanccd electronie techniques for resource conservation
and reduccd environmental cffects, including combat training electronic
simulation and two-way video communication systcms.

* Investigation of environmental causc/effcct relationships rclating to
radio frequcncy radiation and noise.

* Development of needed requircments and information for environmental
impact assessment of wcapon developmcent and cffects tests,
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CHAPTER THREE--ENVIRONMENTAL IMPACT ANALYSIS
I--DEVELOPMENT OF AN ENVIRONMENTAL IMPACT ANALYSIS METHODOLOGY
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I DEVELOPMENT OF AN
ENVIRONMENTAL IMPACT ANALYSIS METHODOLOGY

A, The Problenm, Study Plan, and Procedures

As required by Executive Order 11507,* the National Environmental
Policy Act (NEPA), and other directives, the Department of Defense and
other federal agencies have been ¢irecting considerable effort and re-
sources to environmental activity. The general experience within DoD
concerning these activities isg that, although the efforts and actions
have shown a steady improvement with time, much still needs to be done
to comply with a multitude of regulations, standards, statutory require-
ments, and other issues related to environmental quality. To this end,
there is a continuing need for pregram review, planning, and development
of methodologies that will provide for systematic and uniform responses

to needed actions.

1. Studz Plan

In cooperation with ARPA, the Office of the Deputy Assistant
Secretary of Defense for Environmental Quality, and the Office of the
Director of Defense Research and Engineering, the study was organized
into several related tasks. Thev were to:

* Conduct a review of existing DoD Environmental Impact

Statements furnished by ARPA tu determine the weak-
nesses of current theory and technology.

* ]
Executive Order 11507, 'Prevention, Control, and Abatement of Air and

Water Pollution at Federal Facilities' (5 February 1970),

Preceding page blank 1.5



e Attend selected conferences and symposia on pollution
detection, control, and abatement.

* Within the limits of time and funding imposed by the
contract, conduct a review of the environmental effects
program of DoD components, and other federal agencies.

e Using the information derived from the above ithree tasks
and information obtainable from other sources, identify
principal environmental considerations of importance to
the DoD.

* Develop a recommended research plan for an advanced re-
search program to be conducted by ARPA,

2. Procedures

At the outset of the first phase of work, consultations were
held with ARPA, the Scientific Officer from ONR, and representatives of
the Office of the Deputy Assistant Secretary of Defense for Environmental
Quality. The primary purpose was to review DoD experience with respect
to the preparation of Environmental Impact Statements (EISs) and recom-
mendations as to the manner in which an analysis of these past statements,
together with a review of ongoing DoD environmental activities, could be
used to identify areas in current theory and technology that represent

problems, and thus lead to recommendations for additional research.

Meetings were also held with personnel from the Environmental
Offices of the Air Force and the Navy, who provided the study team with
copies of a number of EISs. Also, requests were made tn the appropriate
office of the Army for a listing of Army EISs to be obtained from the Na-
tional Technical Information Service. Overall, 56 statements were iden-
tified as candidates for analysis; 42 were received for analysis. The
number of EISs received and those not received are summarized in Table I-1

and detailed by service and title in Appendix A.



Table I-1

SUMMARY OF ENVIRONMENTAL IMPACT STATEMENTS
RECEIVED AND NOT RECEIVED

Number Number Not

corvice Received Received Total

U.S. Navy 13 3 l6
U.S. Air Force 13 6 19
U.S. Army 15 5 20
Defense Supply Agency 1 = 1
Total 42 14 56

B. Analysis of Environmental Impact Statements

and Additional Information

Analysis of the 42 impact statements revealed a wide variety of
planned actions at a number of locations. When viewed collectively, these
diverse statements revealed an interesting and potentially useful pattern,
which was organized into several major groupings of activity. Each in-
cluded types of actions that are similar, as shown in Table I-2. One po-
tential consequence of these similar actions is that they may be amenable
to incorporation into single comprehensive statements that cover generic
actions should this prove on further examination to be consistent with the
requirements of the NEPA. 1In this approach, which was recommended by the
Council on Environmental Quality* and favored by several representatives
from each of the services, broad statements characteristic of proposed
similar actions are prepared and then detailed for each specific situation

and location by the particular service and unit proposing the action.

Appendix B, AR-57.

3-1-5



Table I-2

SUMMARY OF ENVIRONMENTAL IMPACT STATEMENTS BY TYPE OF ACTION

Number of
Action Statements
Construction, land use, and related activitics
Routine facilities construction
Related to personnel use (5) 5
Engineering facilities (4) 4
Subtotal 9
Training facilities
Construction and consolidation (4) 4
Lease to State National Guard (1) 1
Subtotal 5
River channel dredging 1
Electronic systems buffer zone 1
Procurement policies 1
Total construction, land use, and related activities 17
Hazardous or potentially hazardous operations
Disposal of hazardous materials
Anticrop agents (3) 3
Antipersonnel agents (5) ]
Subtotal 8
Use of target facilities and training
Land targets (2) 2
Ship hulls (1) 1
Combat exercises (1) _l
Subtotal 4
Experimental programs
Cratering experiments (2) 2
Radioactive sensors (1) 1
Subtotal 3
Explosive buffer zones _2
Total hazardous or potentially hazardous operations 18
Development of major defense systems
Stationary systems
Electronic installations (2) 2
Missile deployment sites (2) 2
Subtotal 4
Mobile systems
Strategic bomber (1) 1
Fighter aircraft (2) 2
‘Subtotal 3
Total development of major defense systems 7
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A further usefulness in this type of breakdown is that while all
three major categories include problems of DoD-wide interest, the prob-
lems identified in the second and third categories (Hazardous Operations
and Development of Major Defense Systems, respectively) are more likely
to yield research needs that are of interest to, and consistent with, the
ARPA mission. This is discussed in subsequent paragraphs, following a
brief description of the major action categories.

¢ Construction, Land Use, and Related Activities--Seventeen

actions were identified in this category. They consist pri-
marily of construction and relatively routine training oper-
ations. For the most part, the activities are planned to be
conducted in close coordination with appropriate local au-

thorities so as to meet established federal and local envi-
ronmental quality criteria and standards.

* Hazardous or Potentially Hazardous Operations--Although not
entirely unique to the DoD, these activities reflect the
special requirements of the armed services. The 18 that
were analyzed are characterized by needs for significant
controls, are usually highly localized and specific, and
have high potential for severe environmental impacts if
not carefully managed.

* Development of Major Defense Systems--Seven actions were
identified in this category. In general, these actions are
technologically complex, can have wide-ranging but subtle ef-
fects, and in certain situations are subject to both techni-
cal and public controversy.

1. Construction, Land Use, and Related Activities

From a research point of view, it would appear that the majority,
if not all, of the actions listed in this first grouping require informa-
tion that is closely related to civilian analogues. These include a broad
spectrum of information on wastewater management, air quality control,
solid waste management, noise control, and land use planning, including
protection and enhancement of aesthetic characteristics. Accofdingly, it
is current DoD policy to work closely with federal, state, and local agen-

cies in meeting established standards. These activities are extensive and
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require the expenditure of substantial sums of money, totaling for FY69
through FY73 some 900 projects to control air pollution at 400 installa-
ticas and about 1100 projects at 570 installations to control water pol-
lution.* Total cost for the period FY68 to FY73 is estimated to be

approximately $470 million.

These relatively routine activities are conducted according to
established environmental quality regulations and standards and to Execu-
tive Order 11507. In particular, the Executive Order is significant since
it places a time limit; actions to ensure that air and water quality ef-
fects meet existing standards must be complete or under way by 31 Uccember
1972. This has led to a diversity of individual and understandably non-
uniform actions. Stated in a different way, the urgency of responding to
immediate problems at individual, scattered locations to comply witﬁ the
deadline has posed a constraint on the development of DoD-wide or even

service-wide comprehensive environmental quality management planning pro-

grams.

The services have recognized this constraint and are working
with the Deputy Assistant Secretary for Environmental Quality and DDRE,
Environmental and Life Sciences, to coordinate activities so as to reach
established environmental objectives. Problems will inevitably be encoun-
tered in changing established practices and procedures as required by the
order. Nevertheless, the DoD, by virtue of its mission and organization,
js in a favorable position to plan and implement such activities. It
would be difficult or impossible for agencies in the civilian sector to
plan, prepare, and execute au integrated and nationwide environmental
quality program. The DoD has an opportunity to provide leadership in the

design of a program that includes research requirements that have strong

Appendix B, AR-5.
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parallels with related civilian research at the federal, state, and local

levels so as to aid in making progress in these areas as well.

2, Hazardous or Potentially Hazardous Operations

The Armed Services have discontinued the production of biological
and toxic materials and the development and acquisition of biological or
toxic weapons or weapon systems that might lead to an offensive capability.
Futurc biological programs will be limited to defensive research such as
immunization and safety measures. These actions have necessitated the
disposal of large quantities of anticrop and antipersonnel biological
agents under controlled conditions to minimize environmental impact. On
the basis of the impact statements reviewed, it appears that the disposal
methods have been carefully planned in consultation with appropriate au-
thorities. Thus, presuming no new extensive production and stockpiling
of biological agents, environmental problems associated with this particu-
lar type of activity should be obviated in the future. However, problems
of a similar nature will continue and will be concerned with chemical
agents and with the use of pesticides, selected herbicides, toxic materi-
als, hazardous materials, propellants, and munitions. Each of the ser-
vices is addressing these problems, and economies appear to be available

using a more coordinated DoD-wide research and development program.

It is clear that training activities that require live munition
and realistic targets for surface-to-surface and air to surface training
have potential for disturbing local features of the environment, Assuming
the necessity for the continuation of such training in the interest of
national security, it is apparent that to minimize adverse impacts care-
ful planning is required in making a judicious choice of target locations,
in scheduling and frequency of exercises, and in restoration of disturbed
areas to permit subsequent use. This will represent a change from past

practices that will take time to implement. Although not generally
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favored in the past over live exercises, improved electronic combat simu-
lation techniques that provide a nondestructive alternative merit further
technical study in the light of potential lessened environmental impact
(see Chapter Nine). Such methods, some of which have been dcveloped for
the space program, are not likely to replace live practice entirely but

could provide a valuable supplement to existing training methods.

3. Development of Major Defense Systems

It is convenient to consider development of defense systems in
terms of stationary and mobile systems as related to their environmental
impacts and related problems. For stationary systems, the impacts extend
over a limited geographical range, but in certain cases the use of pro-
spective sophisticated technological systems can lead to highly intense
controversy over subtle and imperfectly known environmental cause and
effect relationships. This situation is well characterized by the Proj-
ect Sanguine EIS.* This prospective project represents considerable pre-
vious research but remains controversial, primarily over (1) uncertain
biological effects of ELF (extra low frequency) radiation and (2) effects
of the installation itself on surrounding ecosystems. It seems evident
that questions concerning needs for additional research in such areas
probably should be placed in the context of advanced DoD planning to de-
cide whether such technologies should be used at all to accomplish mis-
sion objectives or whether ELF communications might be used on a wider

scale, ur instead limited to a relatively few remote locations.

Mobile defense systems such as the strategic bomber, tactical

aircraft, and naval vessels interact with the environment on a much larger

geographic scale; by virtue of this they can take advantage of the

Appendix B, AR-4l.
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assimilative capacity of the environment for certain impacts. 1In fact,
it is interesting to note that the more important impacts from DoD air-
craft are considered to be noise and emissions at testing and operational
bases where for practical purposes they may be treated as stationary
sources. In recognition of this, current research efforts are directed
to emissions reduction and control and noise research, including sound

abatement programs for ground operation.

4, Review of Pertinent Activity and Environmental Programs

In addition to the Environmental Impact Statements, other in-
puts to this phase of study were derived from review of literature about
DoD and other agency environmental programs and from meetings and confer-
ences. These information sources are summarized in Appendix B, which
lists the 42 EISs received to date and more than 50 additional data sources
that range from rather general articles to detailed documents that cover
areas of potential significance. Thus the listing provides a useful sup-
plement to the review of EISs, representing e beginning of an informa-
tion data base of potential utility for DoD environmental quality planning.
With respect to comprehensive listings of DoD environmental research activ-
ity, the Smithsonian Science Information Exchange recently compiled an en-
vironmental research catalog for the Environmental Protection Agency.*
Although not intended as a complete collection, the ca.alog does provide
a useful overview of ongoing environmental research, with a total of 5,488
project descriptions that are categorized under air quality, water quality,
solid waste management, pesticides, radiation, and noise. Research tasks
listed for the DoD are summarized in Table I-3 under the research cate-
gories used by the catalog. A more detailed listing is given in Appen-

dix C, which provides descriptive breakdown of these categories.

Appendix B, AR-91.
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Table I-3

SUMMARY OF DOD ENVIRONMENTAL RESEARCH TASKS BY RESEARCH AREA

Number of
Research Area Tasks
Air quality
Emission sources 9
Effects on humans 10
Effects on animals, plants 6
Economic aspects -
Legal, administrative, social -
Control methods 17
Measurement s 28
Basic research 22
Subtotal 92
Water quality
Emission sources 25
Pollution identification 22
Water treatment 6
Water management, pollution disposal 43
Waste treatment 47
Pollution effects 12
Subtotal 155
Solid waste management
Agricultural sources 1
Industrial sources -
Municipal sources -
Collection, transportation, disposal 2
Subtotal 3
Pesticides
Air or water environments 1
Soil environment 1
Adverse effects - plants 8
Adverse e¢ffects - man and animals 6
Adverse effects - general 3
Analysis, monitoring, instrumentation 4
Subtotal 23
Radiation
Sources 7
Effects 67
Measurement s 21
Subtotal 95
Noise
Air transportation 28
Surface transportation 1
Urban and industrial sources -
Aquatic environment 3
Effects, measurements, equipment 21
Subtotal 53
Total 4121

Source: Appendix B, AR-91.
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Although the limitations of such listings are numerous, they do
give a rather broad measure of DoD activity and concerns with respect to
environmental quality research. A major use of the listings and abstracts,
as noted by the Environmental Protection Agency, would be to avoid dupli-

cation and facilitate communication of ideas, opinions, and data.

C. Methodology for Analysis of Assembled Information

Although the principal aim of research is to solve problems, the
choice and statement of a research problem is often more difficult than
finding an appropriate solution and in many cases can even define the
solution itself. In the area of environmental quality research, a very
significant fraction of the problems arises in response to conflicts and
controversy. Following this reasoning, many government agencies have at-
tempted to focus on actual or potential conflict situations to structure
the'r activity. However, this approach usually deals in short term situ-
ations, and the underlying causes of long term problems remain untreated.
To correct this condition, a procedure to facilitate the perception and
prediction of potential problems is needed, particularly for act.ivities
that are not governed by a set of specified regulations or standards. To
address this basic problem, this study has initiated a systematic attempt
to develop a logical framework for isolating problems.that can be identi-
fied as a consequence of DNoD activities and from these problems to derive
appropriate responses in the form of needed actions, including recommenda-

tions for required research.

The methodology is illustrated in Figure I-1 and is described by a
series of sequential steps that are noted along the top of the figure
and that comprise the following key elements:

¢ Acquisition, synthesis, and analysis of collected informa-

tion

¢ Breakdown of information into categories and subcategories
of DoD activity
3-1-13
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* Environmental impact analysis based on activities and asso-
ciated impacts

e uLxamination of effects of impacts in terms of environmental
cause-effect relationships

¢ Identification of problem areas associated with state of cur-
rent knowledge concerning environmental effects

¢ Identification of recommended research directed to problems
of interest to ARPA.

D. Acquisition, Synthesis, and Analysis of Collected Information

The data gathering activities described by the first three items of
the study plan led to the establishment of a useful, though limited, data
base. Although the collected environmental impact documents constitute a
potentially useful source of information for structuring DoD activities,
their present number, scope, and quality appear to be too restricted for
preparing a comprehensive activity analysis. Nevertheless, their future
application to this purpose shows considerable promise. Moreover, the
environmental impact assessment process necessarily must reflect planned
activities, and as consequence a continuing and systematic review of the
statements on a DoD-wide basis could provide improved environmentz. feed-
back information to the planning process, as required by the National

Environmental Policy Act.

E. Breakdown of Information into Categories
and Subcategories of DoD Activity

The next steps in the analysis require evaluation of the assembled
inforaation in terms of types of actions or activities. 1In the case il-
lustrated in Figure I-1, the activities are those derived from the envi-
ronmental impact statements as summarized by the major categories of Ta-
ble I-2. Again, as an example, the category for defense systems is fur-

ther subdivided into stationary and mobile systems. At this point, it
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is readily evident that the number of identified activities would be ex-
pected to grow rapidly. On the other hand, the procedure does provide

the possibility for combining similar actions. For example, the 42 EISs
examined during the study are shown in Table I-2 to be represented by 19
separate actions. As noted earlier, this could be useful for preparing

comprehensive statements covering generic actions.

An intieresting, and similar, approach to identification of impacts,
currently under study by the Army, attempts to translate budget line items
into direct impacts on the environment.* For example, the purchase of a
truck or tank requires the production of steel, rubber, light metals,
electricity, and so forth. A consequence of the latter can be certain
types of air, water, and land pollution. The result of such an anslysis
encompasses a level of detail that is very comprehensive but thought by
the Army to be necessary under NEPA. An illustration of this approach
is provided by the draft EIS prepared by the Defense Supply Agency,f

which examines certain environmental consequences of coal procurement.

F. Environmental Impact Analysis Based on Activities, Associated
Impacts, and Environmental Effects

The next steps in the methodology require a translation of the im-
portant DoD activities, or actions, into environmental impacts, thereby
aiding recognition of appropriate targets for research. Figure I-1 il-
lustrates how this could lead in aircraft development, for example, to
major environmental impacts that are relatcd to noise, engine emissions,
and socioeconomic impacts of development and deployment. In turn, the
effects of engine emissions, for example, lead to a number of potential

problems of possible DoD-wide interest. The formation of nitric oxides

*
Appendix B, AR-89.

Appendix B, AR-85.
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is shown simply to illustrate a problem that could lead to research on

engine combustion and thus be fed back to system design or modification.

At the present time, no methods exist for quantitative evaluation of
environmental effects, nor is it likely that quantitative methods can be
developed to describe all the complicated phenomena that are present.

What can and is being done, however, is the establishment of orderly and
systematic methods that can provide a high degree of assurance that the
majority of impacts are recognized, even if the environmental effects can-
not be predicted with certainty. For example, Figure I-1 recognizes the
formation and release of nitric oxides to the upper atmosphere from high
flying aircraft, but the effects are not known at present. From the point
of view of needed research, however, it might be sufficient to note that

a problem may exist, and thus a potential research requirement is identi-

fied.

Because of the limited time available for the present study, it was
not possible to examine in detail the various techniques currently avail-
able for translating activities into environmental impacts and effects.
To illustrate how this might be done, a moderate effort was expended to
the development of methods for identification of atmospheric impacts.

The method modifies a cause-effect matrix to reveal wnether a methodology
exists for quantitatively relating the cause to the effect. The method
focuses on cause-effect relationships that theory or observation suggest
are impurtant but whose exact relationships are poorly defined. In this
approach the primary goal is to identify needs for additional research,
but a subsidiary output is the isolation in advance of impacts that mnay
be subject to rritical review. A more detailed description is presentcd

in the example described in Section II of this chapter.

For possible future applications, two additional methods were briefly

reviewed.
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The first method establishes an environmental effects framework*
which provides a basis for structuring an environmental predictive capa-
bility. The framework is developed by iracking materials through the
process by which they are ultimately disposed in the environment and in-
teract with other parts of the environment. The major segments of the
framework are (1) production-consumption, (2) waste discharge, (3) en-
vironmental quality, (4) biological effects, and (5) socioeconomic im-
pacts. Together with associated interactions that range from input and
output factors to impacts on receiving mediums and biological systems,
these segments provide for identification of the interrelationship be-
tween operations and activities to clarify the resultant environmental
effects, as well as for assessment of their possible social consequences,
The methodology can also reveal how intervention by actions designed to
promote environmental quality can exert influence on operations or activ-
ities through the cause-effect relationships to approach a desired envi-
ronmental quality goal. Furthermore, the methodology can specify the
range of data required to characterize the environmental effects--envi-

ronmental quality management interactions.

Closely related in certain respects is the second method or approachf
which develops a model of user-resource interactions. The model repre-
sents users that are geographically distributed through an environment
and, at a point in time, characterizes both users and natural resources
by their relative status: rproduction level and economic conditions for
resource users and quantity and quality for natural resources. The model
is stepped through time, with each condition and amount being determined

at the end of successive intervals. The model may be used simply as a

*
See Chapter Eight, Section II,

Appendix B, AR-23,
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framework for organizing data from both environmental and economic moni-
toring systems to help correlate resource user activity with environmental
impact consequences. The model also may be implemented by a program in
which routines are inserted that attempt to represent the industrial eco-
nomic, physical, and biological processes present. Empirical inputs are
central to either application. The output allows the examination in a
single model of both environmental and economic consequences of existing

or proposed environmental impact control measures.

Each of the above approaches and the atmospheric impact methodology
discussed in Section II contain common elcments, and, tentatively at
least, it would appear that a combination of these elements that are
most appropriate to DoD activities will prove to be most useful if de-
veloped further, It is readily evident that the techniques, viewed dur-
ing the present study as a means for identifying research requirements,
would also have ready applications by the DoD to environmental impact

assessment work.
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CHAPTER THREE--ENVIRONMENTAL IMPACT ANALYSIS
I1--ANALYTICAL APPROACHES TO IDENTIFYING DOD ENVIRONMENTAL RESEARCH

REQUIREMENTS--AN EXAMPLE RELATING TO ATMOSPHERIC IMPACTS
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II ANALYTICAL APPROACHES TO IDENTIFYING DoD ENVIRONMENTAL
RESEARCH REQUIREMENTS--AN EXAMPLE RELATING TO ATMOSPHERIC IMPACTS

A, Introduction

The analytical process begins with two lists, one of "actions' and
one of "impacts." While the lists are being compiled, it is well to re-
member that every combination of action and impact will have to be con-
sidered, and thus the problem emerges as the product of the lengths of
the two lists, not simply as the total number of actions and impacts

considered.

It is evident that the categories of action and impact must be rela-
tively broad if the problem is to be kept manageable. Not only will it
reduce the number of combinations to be considered, but it will also aid in
recognizing completed research that is applicable to the problem. Research
that clearly connects a broad class of actions to a bhroad class of impacts
will often be recognized when its relation to specific actions and impacts
might go unnoticed. For example, the pertinence of research relating the
thermal and radiative properties of the earth's surface to the local wind
field might go unrecognized if considered only in the narrow context of

airfield runway construction,

On the other hand, it is important to use classes of actions and
impacts that are sufficiently narrow to actually classify actions so that
every conceivable case does not fall into all, or nearly all, the cate-
gories. Yet, the classes must not be so specific that each contains only
one or two cases, If the catepories are selected carefully, then the
rest of the problem will be greatly simplified. Furthermore, careful
selection of categories will not only aid in the isolation of areas

Preceding page blank
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requiring research, it will also help define the required research and
will be of enormous assistance in the design of a literature search for
material that could be used in the preparation of an Environmental Impact
Statement. The categories would also provide an organizational framework

for a library assembled for EIS preparation purposes.

B. Atmospheric Actions

Because this section is confined to atmospheric effects, the list
of actions that is presented includes only items that might have potential
impacts on the atmosphere. Since the list has been compiled without spe-
cific reference to DoD activities, it should also be applicable to civilian

activities,

Specific examples of actions in the various categories also will be
presented, drawn from DoD activities and referring to Table I-2 which
summarized 42 DoD impact statements. Table II-1 is a partial list of the

classes of action that are likely to produce important atmospheric impacts.

In some cases, a particular type of DoD activity may have several
aspects that fall into different sections of the Table II-1 list. Further-
more, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>